The American Geophysical Union's Thriving Earth Exchange advances humanitarian geophysics by helping scientists, communities, and sponsors connect and launch projects that use earth and space science to help address practical priorities, one community at a time. Scientists are any learning, practicing, or retired professional from industry or academia; communities are geographic, cultural, ethnic, or professional groups coalesced around shared priorities; and sponsors are funders or advocates who would like to enable and learn from projects. Using crowd-sourcing and social-networking tools, the Thriving Earth Exchange will catalyze community science so that community leaders, scientists, and sponsors work as partners to generate and apply scientific insight. The exchange will help project leaders to explore ideas, form partnerships, design projects, and connect with the human, technological, and capital resources they need to carry out those projects. Because the exchange supports and links a diverse set of interactions, project leaders can go all the way from exploring broad connections between science and community priorities to launching specific, actionable, science-based projects. All this occurs in an open environment that invites broad participation, facilitates reuse of innovative solutions, and builds trust between scientists and nonscientists.
Introduction
Community science is the practice of engaging nonscientists as partners in every step of a scientific process designed to address community priorities and advance knowledge. Community science builds on efforts -some of which are long-standing -to engage nonscientists in various parts of scientific processes. Citizen science, for example, often focuses on engaging nonscientists in data collection or classification, whereas traditional outreach has long focused on sharing the latest discovery. Community science is built on sustained engagement with a core group of community leaders, informal or formal, in all parts of the science process from formulating a research question to applying results. Further, community science is codirected so that project leadership and management are the shared responsibility of scientists and community leaders.
Because community science addresses community priorities, which do not often neatly map to specific disciplines, community science is often multidisciplinary. It requires and welcomes multiple kinds of knowledge and fosters an environment of shared learning. Finally, because community science is a visible and public process, it can help to ensure that the science is guided by broadly shared and agreed-upon values and that the results are more likely to be applied.
The practice of community science was described concretely in a 2011 article in a special section of this journal on humanitarian geophysics (Moysey, 2011) . Community science is akin to cocreated (Shirk et al., 2012) and extreme (Paulos et al., 2008) Rajul Pandya 1 , Julia Galkiewicz 2 , Billy Williams 3 , Harry Furukawa 3 , and Kiana Barry 4 citizen science, community-based participatory research (Israel et al., 1998) , participatory action research (Park, 1993) , cocreated knowledge (Danielsen et al., 2014) , knowledge to action (Cash et al., 2003) , usable science (Glantz, 1994; Dilling and Lemos, 2011) , ecological comanagement (Berkes, 2004; Ballard and Huntsinger, 2006) , and environmental research translation (Ramirez-Andreotta et al., 2014) . Community science works for geographic communities as well as for communities of practice. Community science has several benefits. By increasing engagement with scientists, participatory approaches to science have been shown to enhance science literacy within a community (Bonney et al., 2009) , to empower communities (Ballard and Huntsinger, 2006; Shirk et al., 2012; Ramirez-Andreotta et al., 2014) , and to lead to more effective resource management (Berkes, 2004) . From a science side, participatory approaches have the potential to increase public support for science (Price and Lee, 2013) ; to introduce new approaches, data, and interpretations (Pierotti and Wildcat, 2000; Danielsen et al., 2014) ; and to engage students who might otherwise leave science because it seems to lack relevance (Moysey, 2011) .
The Thriving Earth Exchange
The American Geophysical Union's Thriving Earth Exchange aims to advance the practice of community science in the earth and space sciences by leveraging the communication and connection potential of the Internet. Like the Society of Exploration Geophysicists program Geoscientists Without Borders, the Thriving Earth Exchange galvanizes earth and space scientists and helps them apply their expertise to the practical implications of climate change, natural-resource scarcities, and natural and human-caused disasters. The exchange connects scientists, community leaders, and sponsors, helping members of those disparate groups to find one another and offering tools they can use to work together. Ultimately, the success of the exchange is measured by the ability to work together on projects that make a real impact.
When launched in 2013, the Thriving Earth Exchange was organized around a challenge platform. Community groups posed challenges -tight questions requiring scientific expertise -and geoscientists were invited to submit solutions. A judging committee made of community members and scientists selected the best solution. The team with the winning solution received a cash prize, and the community group was free to implement the winning solution with, it was hoped, support from a sponsor attracted to the exchange.
In fall 2013, the Thriving Earth Exchange launched three pilot projects. The Kentucky Barren River Project aims to help improve water management in the Barren River Development District (Figure 1 ). The winning solution to the challenge uses a dense network of surface weather stations to develop data-based tools for making decisions tailored to specific counties. Before ongoing commitment as well, especially in defining a protocol for research that balances scientific and community goals. Fazey et al. (2010) note the need to welcome all community members without granting privileges to any.
It is worth noting that the trust is bidirectional -scientists also need to trust that their goals will be met in the communityscience process and that their scientific insight will be respected and valued, even though final decisions might not always align perfectly with scientific priorities (Moysey, 2011) .
Our work with pilot projects underscores the importance of trust. When selecting the winning solution, community judges looked for evidence that the scientific team would grasp the issue and understand unique culture and practices, whether it was a tribal community in Minnesota or a group of water managers in Kentucky. In the Denver pilot, community leaders and members were more interested in finding potential partners than finding a this project, water managers had to rely on statewide data that in some cases did not accurately reflect conditions in their counties.
White Earth Tribal and Community College, on the White Earth Nation in northern Minnesota (Figure 2 ), sought to find user-friendly and low-cost ways to monitor local water quality. The quality of water is crucial to the tribe, which depends on lakes and rivers for wild-rice growth, fisheries, and other uses. The challenge called for the design of a water-quality monitoring and data-management system, along with sampling kits for measuring water quality, all accessible to people without science degrees.
Taking Neighborhood Health to Heart (TNH2H) is a group comprised of five Denver neighborhoods (Figure 3 ) looking to build on their vision of a healthy neighborhood and their history of working with public-health researchers. To define their challenge more precisely, TNH2H leaders took advantage of the 2013 AGU fall meeting to talk with more than 80 geoscientists and explore the connection between environmental and human health in their neighborhoods. Based on this discussion, and without launching a formal challenge, TNH2H community leaders now are working with atmospheric scientists and civil engineers to develop and propose a community air-quality program.
The pilot projects highlighted two principles that continue to guide the Thriving Earth Exchange. The first is that community science is about trust-building relationships, not just transactions. The second insight, covered later, is that community science requires resources -technological, material, and human.
Research has shown the importance of building trust-based relationships. Cash et al. (2003) describe trade-offs between the relevance of projects to community priorities, or salience; the integrity of the research, or credibility; and broad participation, or legitimacy. Balancing these trade-offs requires persistence and consensus building, both of which are easier in the context of a trust-based relationship. Dilling and Lemos (2011) single solution. In all three cases, community leaders were explicit about wanting to work with scientific teams that had or were willing to obtain firsthand local knowledge of the community.
The pilot projects also revealed practical strategies for developing trust. TNH2H had an established community-led datastewardship committee that worked with researchers to help refine data protocols and shared data with community members. The scientific team from Kentucky has hosted a series of meetings with water managers to unveil their preliminary tools and ask for comments. The White Earth judges asked for the scientific team leading the proposal to host a series of community meetings and verify community involvement before formally starting the project. The common element in all of this is multiple interactions between the scientific team and community leaders so that trust can be developed over time.
Modules to help build trust
To better facilitate multiple interactions that build trust, the Thriving Earth Exchange is expanding beyond a challenge platform and introducing a series of modules (Figure 4) . The individual modules are not unique -in fact, the exchange is partnering with existing successful projects to offer much of the functionality of the modules. What is unique about the exchange is providing a collection of modules, guidance for selecting the most appropriate and helpful module, and the ability to link individual modules to advance a project through various stages.
Using these modules, community leaders can browse stories of past projects, launch an online discussion that engages multiple scientists and nonscientists, use a challenge platform to invite solutions to well-defined questions, and use matchmaking and crowd-funding tools to seek resources or partners to implement ideas. Scientists can share their own stories and results from working with communities, participate in new and ongoing discussions to help refine ideas, submit solutions to well-defined community questions, seek resources or partners to advance a community-science project in which they are involved, or seek community-science projects in which they can participate. Sponsors can participate in all these activities, offer financial support to individual projects or teams, or initiate their own community-science projects.
These multiple modules offer the potential to develop trust. Any one of the interactions by itself becomes an opportunity to launch a relationship. For example, participation in a discussion to frame a project might lay the groundwork for a longer-term collaboration to implement a solution. That is exactly what happened in the case of the Kentucky pilot, in which the collaboration to develop an online challenge provided an opportunity for water managers and local university researchers to deepen their relationship. As another example, one of the benefits of crowd-funding research is that it builds a constituency for a scientific project.
By linking the modules together, the Thriving Earth Exchange provides a way to connect several activities into longerterm relationships. For example, a community leader might browse previous projects and then launch a discussion asking for ideas to adapt a successful project for a community. After community members and scientists have a chance to weigh in, the community leader might use the input from the discussion to frame an online challenge and ask certain people from the discussion to colead the project. Together, they can crowd-fund the preferred solution and use the exchange to find a team to help implement it.
Even when each module engages different individuals, project leaders have a trust-based and iterative relationship with the Thriving Earth Exchange. That is true whether someone is a sponsor, scientist, or community member. Their individual interactions with other exchange users can launch trust-based iterative relationships or can be part of a trust-based relationship with the exchange itself.
Finally, by situating all these interactions in a public space, people can view the discussion and actions of other people in the exchange and enter into partnerships based on evidence of a person's trustworthiness.
The Thriving Earth Exchange modules also provide new ways to bring financial resources to community science. While interacting with community or scientific leaders interested in community science, we found many who had resources for only half their project. For example, a city government might have an office with staff devoted to resilience but no budget to fund the scientific experts they want to engage with. Similarly, scientific grants usually go to the institution of the researcher, and it is difficult to move money from the research institution into a community group. In the case of new or grassroots community groups, they might not even have the capacity to accept funds.
By providing a way to crowd-source funding, the Thriving Earth Exchange provides flexible seed money for researchers and community groups. Although the crowd-funding amounts are often only $5,000 to $7,500, that is in many cases enough to develop an idea or to position the community-science project to obtain larger funding from more traditional sources. Indeed, we hope the exchange will eventually attract funders for its breadth of community projects and its record of successful community engagement.
Figure 4. The Thriving Earth Exchange includes four modules that
allow the community-science-sponsor interactions to take a community-science project from inspiration to launch. Project leaders can use all the modules or only the ones they need. By connecting modules, the exchange supports iterative relationships and builds trust.
Growing the Thriving Earth Exchange community
The Thriving Earth Exchange depends not only on developing these modules but also on growing a community of people who use and can teach others to use the modules. One strategy for growing that community is to aggregate community projects that could benefit from the participation of scientists and to invite scientists, especially AGU members, to engage in those projects. That aggregation will allow us to learn which kinds of opportunities best attract and make use of our scientists' expertise.
A second strategy is to reach out to community groups and launch new projects. We imagine workshops that bring together community groups with interested scientists to learn how to work together and to scope out new projects, much like the successful approach the Denver pilot introduced at the 2013 AGU fall meeting (Figure 3) . Not only will these workshops generate new projects and enlarge the pool of people working in community science, they also will allow us to develop and test training tools that people can use independently to become "exchange ready." Thus, we provide ways for people to enter into the exchange at their own pace and to not be limited by our staff's availability to lead workshops or help to define challenges.
We also will identify early adopters of community science in earth and space science and bring them together via in-person events such as workshops and seminars and virtual opportunities such as webinars, online discussions, and social media. They will learn from and support one another, provide the nucleus for an expanding community of community-science practitioners, and serve as mentors for people new to community science.
Conclusion
Community science complements traditional scientific methods and helps the public to better understand, use, and value all forms of scientific research. It offers a useful framework to bring scientific expertise to bear on community issues or priorities.
If you are interested in exploring community science, we hope you will join the Thriving Earth Exchange community and contribute to existing projects or launch new ones. For people already engaged in community science, we hope our Thriving Earth Exchange will help you advance your projects and share your successes.
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